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A b s t r a c t
Background: The common drawbacks of standard cardiac rehabilitation (CR) models include low participation rate, high cost, 
and dependence on on-site exercise sessions. Therefore, hybrid CR protocols have been developed. 
Aim: We aimed to test whether hybrid CR models are superior or equivalent to the traditional CR models in patients after 
myocardial infarction, heart failure, and cardiac surgery, using a meta-analysis framework.
Methods: Data from relevant original studies indexed in the Medline, Scopus, Cochrane Central, and Web of Science data-
bases were extracted and analysed. The standardised mean difference (SMD) was used as a summary effect estimate, along 
with 95% confidence interval (CI).
Results: Based on data from 1195 patients, the summary effect size showed similar improvement in functional capacity in 
hybrid and standard CR programmes (SMD = –0.04, 95% CI –0.18 to 0.09, p = 0.51). No significant difference was detected 
between the two models in terms of changes in exercise duration (SMD = –0.14, 95% CI –0.51 to 0.24, p = 0.47), systolic 
(SMD = –0.01, 95% CI –0.14 to 0.12, p = 0.91), and diastolic (SMD = –0.03, 95% CI –0.16 to 0.11, p = 0.7) blood pres-
sure, or health-related quality of life (SMD = –0.08, 95% CI –0.23 to 0.07, p = 0.27). In terms of blood lipids, no significant 
difference was noted between hybrid and traditional CR models in all assessed lipid profile parameters, except for triglycerides 
(favouring the traditional CR model).
Conclusions: Hybrid CR protocols showed comparable efficacy to the traditional model. Further well-designed studies are 
required to validate these findings, especially regarding the long-term outcomes.
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INTRODUCTION
Cardiovascular diseases (CVDs) are the most common cause 
of mortality worldwide (around one-third of all deaths around 
the world). The World Health Organization estimated an 
annual global death rate of 17.7 million from all CVDs and 
7.4 million from coronary heart disease [1]. Due to advancing 
health care services, the rate of survival from acute cardiac 
conditions is increasing; however, patients remain at high 
risk of recurrence and mortality, especially when they do not 
adhere to risk factor-modification programmes [2]. 
Cardiac rehabilitation (CR) is a secondary prevention 
measure that involves physical exercise, health education, 
behavioural change, risk factor modification, and nutritional 
and lifestyle counselling [3, 4]. Growing evidence has shown 
that it can reduce morbidity and mortality and enhance the 
patients’ quality of life [5–8]; therefore, it has become a class I 
recommendation in several guidelines for patients after car-
diac events or surgery and those with heart failure (HF) [9, 10]. 
Despite all the known health benefits of CR programmes, the 
patients’ commitment and adherence are still low [11, 12]. 
This may be attributed to many factors, including low referral 
rate, lack of motivation, comorbidities, distant CR centres, 
work or family commitments, and financial or insurance 
problems [13, 14]. Due to these limitations of centre-based 
CR, home-based CR programmes have been considered as an 
alternative. Home-based CR may be delivered by a therapist 
at home [9] or monitored by telephone, internet, or vide-
oconference (telerehabilitation) [15].
Due to the possibility of acute cardiac events occurrence 
during exercise (which need immediate medical attention), 
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the safety of home-based CR has been questioned [5]. To 
address the barriers of centre-based CR and the safety as-
pect of home-based CR, new models have been developed, 
such as hybrid CR. The hybrid CR model is a combination of 
home-based CR and direct supervised centre-based CR [16]. 
We conducted this systematic review to assess the efficacy of 
the hybrid CR model in comparison to standard CR in patients 
after cardiac events or interventions and those with HF.
METHODS
This study was reported in accordance with the preferred 
reporting items for systematic review and meta-analysis 
(PRISMA) statement guidelines (Suppl. Table S1 — see 
journal website) [17]. 
Literature search strategy
We conducted a computerised search of the Medline via 
PubMed, Cochrane register of randomised controlled trials 
(CENTRAL), Scopus, and Web of Science (WOS) databases, 
using variations of the following search terms: “cardiac reha-
bilitation,” “cardiovascular rehabilitation,” “home-based,” 
“hybrid,” “classic,” “traditional,” “standard,” “hospital-based,” 
and “centre-based.” We did not apply any search limitations 
or filters in any of the searched databases. The search was 
done on 15th April 2018 and again on 15th July 2018. Moreo-
ver, a manual search of the reference lists of the included 
articles was performed for any missing eligible studies. 
Inclusion and exclusion criteria
We included randomised controlled trials (RCTs), non-RCTs, 
and observational studies that included patients with recent 
cardiac events or interventions or those with HF, and we 
compared hybrid CR to standard CR. We considered stud-
ies that reported at least one of the following outcomes: 
health-related quality of life (HRQoL), maximal workload, 
exercise duration (ED, min), functional capacity measured 
by metabolic equivalents (METs), systolic (SBP) and diastolic 
(DBP) blood pressure, lipid profile, or cardiopulmonary 
exercise testing measures (VO2, VO2peak, or VO2 at aerobic 
threshold). There was no restriction regarding the date or 
language of publications. 
Study selection and data extraction
The search results were imported to EndNote X8.0.1 software 
(Clarivate Analytics, Philadelphia, PA, USA). After duplicate 
removal, two independent authors performed the title and 
abstract screening. Articles that met our criteria were re-
trieved for full-text screening, which was done by two other 
independent authors. Any disagreements were solved by 
discussion. The two authors independently extracted the fol-
lowing data from each study: first author, year of publication, 
study location, sample size, patients’ basic characteristics, 
programme duration, monitoring method, inclusion and ex-
clusion criteria, main results, and main outcome data.
Statistical analysis
The analysis of the obtained data was done on RevMan 
5.3 software (Cochrane Collaboration, London, UK). We used 
the standardised mean difference (SMD) and the inverse vari-
ance method for pooling data of continuous outcomes. The 
fixed effect model was used. Heterogeneity was assessed by 
the c2 test, and its extent was measured by the I2 statistical test. 
Figure 1. PRISMA flow diagram of search results and study selection
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According to the Cochrane handbook for systematic reviews 
of interventions, a significant heterogeneity was considered if 
p-value of the c2 test was below 0.1, and the I2 test was inter-
preted as follows: 0%–40%, may not be important; 30%–60%, 
may represent moderate heterogeneity; 50%–90%, may 
represent substantial heterogeneity.
RESULTS
Search results and baseline characteristics
Database searching resulted in obtaining 2730 unique cita-
tions. After title and abstract screening, 160 articles were 
found to be eligible for full review. A total of 13 papers were 
further included for data extraction, of which six articles 
were included in the final analysis (Fig. 1) [2, 5, 11, 18–20]. 
Five studies were conducted between 2011 and 2017, and 
one study was conducted in the United States in 2000. The 
studies took place in Canada, the United States, Poland, and 
Iran. Four of the included studies were quasi-experimental, 
one was a retrospective study, and one was an RCT. The 
mean age of the enrolled participants ranged between 51 and 
68 years. The design, patients’ baseline characteristics, and 
findings of included studies are reported in Table 1.
Meta-analysis outcomes
Functional capacity
Five studies (1085 patients) reported the change of functional 
capacity in the participants, as measured by METs. No signifi-
cant heterogeneity was detected among the included studies 
(I2 = 12%, p = 0.34); therefore, the fixed effect model was 
employed. The overall effect estimate showed no significant 
difference between hybrid and standard CR models in terms 
of participants’ functional capacity (SMD = –0.04, 95% 
confidence interval [CI] –0.18 to 0.09, p = 0.51; Fig. 2A).
Exercise duration
Two homogenous studies (115 patients) reported the change 
in ED with the two CR models (I2 = 64%, p = 0.10). The 
hybrid and traditional CR models were comparable in terms of 
the duration of participants’ physical exercise (SMD = –0.14, 
95% CI –0.51 to 0.24, p = 0.47) (Fig. 2B).
Physical activity
Physical activity, measured by the Godin Leisure-Time Exercise 
Questionnaire, was assessed by one study that showed com-
parable results between the hybrid and traditional CR models 
(SMD = 0.06, 95% CI –0.31 to 0.44, p = 0.75) (Fig. 2C).
Blood pressure parameters
The resting SBP and DBP values were reported by five stud-
ies that enrolled 1085 participants. No heterogeneity was 
found among these studies (I2 = 0%, p > 0.1). Under the 
fixed effect model, no significant difference was detected 
between the hybrid and standard CR programmes in either 
SBP (SMD = –0.01, 95% CI –0.14 to 0.12, p = 0.91) or DBP 
(SMD = –0.03, 95% CI –0.16 to 0.11, p = 0.7) (Fig. 3A, B).
Quality of life
Two homogenous studies (890 patients) provided data on the 
change in HRQoL (I2 = 27%, p = 0.24). The pooled SMD 
showed no significant difference between the hybrid and 
traditional CR models (SMD = –0.08, 95% CI –0.23 to 0.07, 
p = 0.27) (Fig. 4A).
One study by Saeidi et al. [19] assessed the effect of 
the hybrid and traditional CR models on chest pain intensity 
and discomfort after cardiac surgery. Both the hybrid and 
traditional models effectively improved chest pain discom-
fort and intensity with no significant difference between the 
two models (SMD = 0.04, 95% CI –0.34 to 0.42, p = 0.83) 
(Fig. 4B, C).
Lipid profile
Three homogenous studies (970 patients) reported the 
changes in the lipid profile of patients who received traditional 
and hybrid CR. Participants in the hybrid and traditional CR 
models had their lipid profiles improved by 10% to 20%; how-
ever, the two models were similar in terms of changes in total 
cholesterol (SMD = 0.11, 95% CI –0.03 to 0.26, p = 0.11), 
low-density lipoprotein cholesterol (SMD = 0.05, 95% CI 
–0.09 to 0.19, p = 0.46), and high-density lipoprotein cho-
lesterol levels (SMD = 0.01, 95% CI –0.13 to 0.15, p = 0.87). 
A significant difference that favoured the traditional CR 
model was found only in serum triglyceride levels (SMD = 0.17, 
95% CI 0.02 to 0.32, p = 0.03, two studies) (Fig. 5A–D).
DISCUSSION
Cardiac rehabilitation is a secondary prevention programme 
that has been shown to prevent event recurrence and improve 
survival [21]. Low participation in the traditional on-site CR 
programmes [22, 23] has urged health care providers to devel-
op alternative models [24, 25]. Home-based CR programmes, 
in which the participants can complete their exercises in-
dependently at home, have shown equivalent outcomes to 
the standard CR models [26]. Some patients are, however, 
ineligible for home-based CR due to the increased risk of 
acute events occurrence during exercise. Therefore, hybrid 
models were developed to provide a partially outpatient and 
partially telemonitored, home-based CR programme [11]. This 
has been reinforced by the recent successes of telemedicine 
in several emergency and rehabilitation indications [27–29]. 
In this study, we aimed to provide class I evidence regard-
ing the comparability of hybrid CR models to the standard 
CR programmes.
Our analysis showed that hybrid CR models and tradi-
tional CR programmes achieved comparable results in terms 
of improvements in the physical capacity and ED of cardiac 
patients. This improvement was linked to reduced mortal-
www.kardiologiapolska.pl
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ity rates in cardiovascular patients [30, 31]. Furthermore, 
we found no significant differences in cardiac parameters, 
including SBP and DBP, between the hybrid and standard 
models. Improvement of HRQoL throughout CR was also 
similar between the traditional and hybrid models, with no 
significant adverse effects of telemonitoring. In addition, 
changes in the cardiovascular risk factors including the lipid 
profile of the participants were mostly similar in the two CR 
approaches. 
Heart rate recovery (HRR) is the difference between heart 
rate at maximal physical effort and in the first or second minute 
of the recovery period. A heart rate drop by > 12 bpm in 
the first minute and > 22 bpm in the second minute reflects 
proper reactivation of the parasympathetic nervous system 
[11]. Korzeniowska-Kubacka et al. [11] showed that HRR 
was significantly improved in patients who participated in the 
hybrid programme but not in those who used the standard CR 
model. In another study by Giallauria et al. [32] the HRR was 
Figure 2. Forest plots of functional capacity (measured by metabolic equivalents [METs]) (A), exercise duration (B), and physical 
activity (C); CI — confidence interval; CR — cardiac rehabilitation; SD — standard deviation; SMD — standardised mean difference
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Figure 4. Forest plots of changes in health-related quality of life (HRQoL) (A), pain discomfort (B), and intensity (C); abbreviations 
— see Figure 2
Figure 5. Forest plot of lipid profile changes; A. Total cholesterol; B. Low-density lipoprotein cholesterol (LDL-C); C. High-density 
lipoprotein cholesterol (HDL-C); D. Triglycerides; abbreviations — see Figure 2
improved by a three-month hospital-based CR programme. 
The study also demonstrated that this improvement in the 
parasympathetic reactivation could be maintained by continu-
ation via a hybrid home-based standard programme.
Among the included studies, the participants in the hy-
brid CR model had either similar or higher adherence (fewer 
dropouts) as compared to the traditional CR model. Carlson 









Congyin Wu et al.
1722
higher flexibility of the hybrid programme structure could have 
contributed to improving the participation. The hybrid model 
included fewer on-site visits and initiated an “open gym” for-
mat for the participants, which promoted fruitful participation. 
Conversely, supervision during the standard CR programme 
might have enhanced the dependence on hospital-based 
exercise and diminished independent exercise. The hybrid 
model was associated with fewer electrocardiogram sessions, 
which contributed to a significant cut to the costs of the pro-
gramme. In addition, lower staff needs in the hybrid CR model 
resulted in extra savings [18]. This is particularly favourable 
in low- and moderate-risk patients because high-risk patients 
may require standard monitoring.
This study has some limitations. First, our analysis includ-
ed a small number of eligible studies. Second, the analysed 
studies were predominantly quasi-experimental and observa-
tional, with only one RCT included. This is due to the lack of 
larger trials in this area. Third, due to the lack of data, we could 
not analyse the differences between both models in terms of 
cardiopulmonary exercise testing parameters. Well-designed 
trials with long-term follow-up are imperative to substantiate 
these findings. Future studies should also investigate the ef-
fect of both models on other outcomes, such as VO2, VO2peak, 
and VO2 at aerobic threshold, because these outcomes are 
more objective and are related to functional and exercise 
capacity [33].
In conclusion, hybrid CR models are associated with 
equivalent improvements in the physiological and quali-
ty-of-life outcomes compared to the standard models. Along 
with improved participant adherence to the exercise pro-
gramme, the hybrid models constitute an economically 
beneficial alternative to standard CR programmes. Larger, 
well-designed RCTs are warranted to investigate participants’ 
survival and outcomes, especially in the long-term. 
Conflict of interest: none declared
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WHAT IS NEW?
Traditional cardiac rehabilitation (CR) programmes have several disadvantages, such as low participation rate, high cost, 
and dependence on on-site exercise sessions. Therefore, hybrid CR protocols have been developed. In this study, we 
compared the hybrid and traditional CR models in a meta-analysis framework. Our analysis of 1195 patients showed 
that the improvements in functional capacity, exercise duration, systolic and diastolic blood pressure, and health-related 
quality of life were comparable between both models. Moreover, reductions in blood lipid profile parameters were 
similar, except for triglyceride levels that favoured the traditional CR model. Overall, hybrid CR protocols have compa-
rable efficacy to the traditional model. In addition to their cost-effective merit, hybrid CR models may act as a suitable 
alternative to traditional CR protocols. 
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